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HIGH-POWER FUSED COLLIMATOR AND 
ASSOCIATED METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to application Ser. No. 
11/244,303, ?led Oct. 5, 2005, now US. Pat. No. 7,146,075, 
issued on Dec. 5, 2006, Which itself claimed priority to pro 
visional application Ser. No. 60,616,765, ?led Oct. 6, 2004, 
entitled “High PoWer Fused Collimator.” 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to optical systems, and, more 

particularly, to collimators Wherein an optical ?ber is fused 
directly to a lens. 

2. Description of Related Art 
The use of ?ber lasers in industrial cutting and Welding 

applications has grown, oWing to the ever-increasing poWer 
output provided by laser manufacturers. This increase in 
poWer levels has created a need for collimators that can per 
form Without performance degradation or failure under these 
conditions. 

Standard collimator packages are limited in their poWer 
handling oWing to the air space betWeen the ?ber and the lens. 
These collimator packages require both angle-polished ?bers 
and lenses to prevent back-re?ection to the source. Addition 
ally, both these surfaces require anti-re?ection coatings. 
While current technology provides loW-re?ection coatings 
(<0.25% per surface), at poWer levels approaching 100 W, 
there Would still be 0.5 W re?ected back into the system, 
oWing to this interface. 

This problem is further compounded by the fact that stan 
dard collimator packages use epoxy as the bonding mecha 
nism for the ?ber. Laser energy re?ected back into the colli 
mator from other sources such as the Workpiece, aside from 
that oWing to the air space, causes the epoxy to heat up. The 
high expansion of the epoxy can cause performance degrada 
tion as the epoxy expands and pulls the ?ber With it. Addi 
tionally, even the highest-temperature epoxies can only 
handle less than 3000 C. for any sustained period. Beyond 
that, the epoxy degrades and may burn off, causing cata 
strophic failure of the collimator. 
The re?ections caused at the air space interface can be 

eliminated through the use of a fused collimator. In a fused 
collimator the optical ?ber is fused directly to a fused silica 
lens. This con?guration eliminates the need to angle polish 
and coat the ?ber and lens. The fusion alloWs the laser energy 
to pass from the ?ber into the lens With less than —70 dB 
back-re?ection. 

For higher-power applications, hoWever, the standard 
fused collimator package is insu?icient. The fusion joint 
betWeen the ?ber and the pellet is strain-relieved using a 
high-temperature epoxy. As discussed above, re?ections 
caused by the operating environment can heat the epoxy 
above its recommended use temperature, causing perfor 
mance drift or catastrophic failure of the fusion joint. 

Therefore, it Would be desirable to provide a Way of either 
eliminating or moving the epoxy strain relief aWay from the 
fusion joint. 

SUMMARY OF THE INVENTION 

The present invention is directed to a method for making a 
high-poWer fused collimator, and to a fused collimator made 
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2 
thereby. One aspect of the method comprises the step of 
providing a fused collimator comprising an end of a stripped 
end portion of an optical ?ber fused to a proximal face of a 
silica lens. In some embodiments, a substantially toroidal 
element having an aperture therethrough is positioned adja 
cent the lens proximal face, so that the aperture is in surround 
ing relation to the ?ber end. 
A joint formed by the ?ber end and the lens proximal face 

is then substantially surrounded With a solder glass in a 
melted form. A cross-sectional area of the solder glass 
decreases proximally from a distal edge adjacent the lens to a 
proximal edge located along the ?ber’s stripped end portion. 
Then the solder glass is permitted to harden, forming a fused 
collimator useful, for example, for high-poWer applications. 
The features that characteriZe the invention, both as to 

organization and method of operation, together With further 
objects and advantages thereof, Will be better understood 
from the folloWing description used in conjunction With the 
accompanying draWing. It is to be expressly understood that 
the draWing is for the purpose of illustration and description 
and is not intended as a de?nition of the limits of the inven 
tion. These and other objects attained, and advantages 
offered, by the present invention Will become more fully 
apparent as the description that noW folloWs is read in con 
junction With the accompanying draWing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side cross-sectional vieW of a ?rst embodiment 
of fused collimator. 

FIG. 2 is a side cross-sectional vieW of a second embodi 
ment of a fused collimator. 

FIG. 3 is a side cross-sectional vieW of a third embodiment 
of a fused collimator. 

FIG. 4 is a side cross-sectional vieW of a fourth embodi 
ment of a fused collimator. 

FIG. 5 is a side cross-sectional vieW of a ?fth embodiment 
of a fused collimator. 

FIG. 6 is a side cross-sectional vieW of a sixth embodiment 
of a fused collimator. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A description of the preferred embodiments of the present 
invention Will noW be presented With reference to FIGS. 1-6. 

In all the embodiments to be discussed in the present inven 
tion, a coated optical ?ber 10 is directly fused to a lens/pellet 
11 at a distal end 12 ofa stripped endportion 13 ofthe ?ber 10. 
Also in all embodiments a solder glass is used, for example, at 
or adjacent the fusion joint 14, Which preferably comprises a 
loW-melting-temperature glass frit that is supplied in either a 
paste or sintered preform, although this is not intended as a 
limitation. The solder glass material can be either optically 
transparent or opaque, depending upon the application. 
Although the melting temperature of the solder glass is sig 
ni?cantly loWer than the melting temperature of the silica lens 
11, it still has a higher melting temperature than any knoWn 
available epoxies. Additionally, the thermal expansion coef 
?cient of the solder glass is much loWer than the epoxy 
counterpart, providing a better material expansion match at 
the interface. 
TWo sets of embodiments are presented herein: a ?rst set 

(FIGS. 1-3) comprises a solder glass as a replacement for the 
epoxy strain relief knoWn in the art at the fusion joint 14; a 
second set (FIGS. 4-6) comprises a fused silica sleeve and 
ferrule in Which the fused collimator resides. 
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In a ?rst embodiment of a fused collimator 15 (FIG. 1), the 
joint 14 formed by the ?ber distal end 12 and the lens’s 
proximal face 16 is substantially surrounded With a solder 
glass 17 in a melted form, a cross-sectional area 18 of the 
solder glass 17 decreasing proximally from a distal edge 19 
adjacent the lens 11 to a proximal edge 20 located along the 
?ber’s stripped end portion 13. The solder glass 17 is permit 
ted to harden, and serves as a strain relief to the joint 14. 

In a particular embodiment, the cross-sectional area 18 of 
the solder glass 17 at the distal edge 19 is substantially equal 
to a cross-sectional area 21 of the lens’s proximal face 16, and 
the cross-sectional area 18 of the solder glass 17 at the proxi 
mal edge 20 is substantially equal to a cross-sectional area 22 
of the ?ber’s stripped end portion 13. More particularly, the 
solder glass 17 can form a slightly concave truncated pyra 
midal structure. 

In a second embodiment (FIG. 2), a fused collimator 23 is 
formed as above, but a further step includes applying an 
epoxy overcoat 24 to the joint 25 in covering relation to the 
solder glass 26. Preferably the epoxy comprises a high-tem 
perature epoxy, Which serves to provide additional mechani 
cal strength to the ?ber’s stripped end portion 13. In a par 
ticular embodiment, the epoxy overcoat 24 is applied in 
covering relation to the ?ber’s stripped end portion 13 and to 
a distal section 27 of a coated section 28 of the ?ber 10. 
Preferably, the epoxy overcoat 24 has a cross-sectional area 
29 at a distal edge 30 that is substantially equal to a cross 
sectional area 31 of the lens’s proximal face 16 and a cross 
sectional area 32 at a proximal edge 33 that is greater than a 
cross-sectional area 34 of the ?ber’s coated distal section 27. 

In a third embodiment (FIG. 3), a fused collimator 35 is 
formed by positioning a Washer 36 having an aperture 37 
therethrough adjacent the lens’s proximal face 16, With the 
aperture 37 in surrounding relation to the ?ber’s distal end 12. 
Then a distal portion 38 of the ?ber’s stripped end portion 13 
is substantially surrounded With a solder glass 39 in a melted 
form. Preferably, a cross-sectional area 40 of the solder glass 
39 decreases proximally from a distal edge 41 adjacent a 
proximal face 42 of the Washer 36 to a proximal edge 43 
located along the ?ber’s stripped end portion 13. 

The Washer 36 preferably has a cross-sectional area 44 that 
is substantially equal to a cross-sectional area 45 of the lens 
1 1, and can comprise either an opaque or a re?ective material. 
Preferably the Washer’s aperture 37 has in inner diameter 46 
that can encompass the ?ber’s stripped end portion 13, but is 
otherWise as small as possible. In a particular embodiment, an 
opaque Washer 37, Which absorbs re?ected radiation, com 
prises 99% alumina (Al2O3) having a 0.250-mm thickness. 
This is not intended as a limitation, and another refractory 
ceramic material can be used. If a re?ective material is used, 
radiation is re?ected back in a forWard direction. 

In a particular embodiment, an epoxy overcoat 47 can be 
applied to the joint 14 in covering relation to the solder glass 
39. 

In a fourth embodiment (FIG. 4), a fused collimator 50 is 
formed by substantially surrounding the ?ber’s stripped end 
portion 13 With a ferrule 51, such as a fused silica ferrule, 
Which serves to protect this portion of the stripped ?berfrom 
bending. A distal face 52 of the ferrule 51 is positioned 
adjacent the lens’s proximal face 16, and a proximal face 53 
of the ferrule 51 is positioned proximal of the ?ber’ s stripped 
end portion 13. An adhesive, for example, epoxy 54, is 
applied to the ferrule’s proximal face 53 in surrounding rela 
tion to the ?ber 10, Which provides strain relief at this junc 
tion, Which is preferably at least 5 mm aWay from the fusion 
joint 14. 
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4 
A proximal portion 55 of the lens 11 and a distal portion 56 

of the ferrule 51 are substantially surrounded With a solder 
glass inner casing 57, Which can comprise, for example, a 
glass solder paste. This glass bonding is believed to confer an 
advantage over epoxy bonding of these components, since the 
epoxy has a much loWer operating temperature. Failure of 
prior art devices using epoxy in this region can lead to per 
formance drift of the collimator. 
The solder glass inner casing 57 is then substantially sur 

rounded With a silica sleeve outer casing 58, Which serves to 
retain the lens 11 and ferrule 51 in alignment. 

In a ?fth embodiment (FIG. 5), a fused collimator 60 is 
formed by positioning a Washer 61 having an aperture 62 
therethrough adjacent the lens’s proximal face 16, With the 
aperture 62 in surrounding relation to the ?ber’s distal end 12. 
As above, the Washer 61 can be either opaque or re?ective, 
and the Washer 61 serves to absorb or re?ect any returned 
energy, preventing it from reaching the epoxy region of the 
assembly 60. The remaining elements of the embodiment 60 
are similar to those of the collimator 50 of FIG. 4, With Washer 
61 interposedbetWeen the lens’ s proximal face 16 and a distal 
face 63 of the ferrule 64. 

In a sixth embodiment (FIG. 6), a fused collimator 65 is 
formed as above in FIG. 5, With the additional step that a 
space 66 betWeen an inner face 67 of the Washer’ s aperture 68 
and the ?ber end 12 With a solder glass reinforcement 69. This 
feature provides additional mechanical strength, and 
increases the protection of the epoxy at the ferrule 70/?ber 10 
interface since the Washer’s aperture 68 is ?lled With solder 
glass 69. 

It Will be understood by one of skill in the art that a multi 
tude of embodiments may be contemplated Without departing 
from the spirit of the invention, including the use of different 
materials for the elements of the device and different con?gu 
rations. 

In the foregoing description, certain terms have been used 
for brevity, clarity, and understanding, but no unnecessary 
limitations are to be implied therefrom beyond the require 
ments of the prior art, because such Words are used for 
description purposes herein and are intended to be broadly 
construed. Moreover, the embodiments of the device illus 
trated and described herein are by Way of example, and the 
scope of the invention is not limited to the exact details of 
construction or use. 

Having noW described the invention, the construction, the 
operation and use of preferred embodiments thereof, and the 
advantageous neW and useful results obtained thereby, the 
neW and useful constructions, and reasonable mechanical 
equivalents thereof obvious to those skilled in the art, are set 
forth in the appended claims. 

What is claimed is: 
1. A method for making a high-poWer fused collimator 

comprising the steps of: 
providing a fused collimator comprising an end of a 

stripped end portion of an optical ?ber fused to a proxi 
mal face of a silica lens; 

substantially surrounding a distal portion of the ?ber 
stripped end portion With a solder glass in a melted form, 
a cross-sectional area of the solder glass decreasing 
proximally from a distal edge adjacent the silica lens 
proximal face to a proximal edge located along the ?ber 
stripped end portion; and 

permitting the solder glass to harden. 
2. The method recited in claim 1, further comprising the 

step of applying an epoxy overcoat to the joint in covering 
relation to the solder glass. 
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3. The method recited in claim 2, Wherein the epoxy over 
coat is applied in covering relation to the stripped end portion 
of the ?ber and to a distal section of a coated section of the 
?ber. 

4. The method recited in claim 3, Wherein the epoxy over 
coat has a cross-sectional area at a distal edge substantially 
equal to a cross-sectional area of the lens proximal face and a 
cross-sectional area at a proximal edge greater than a cross 
sectional area of the distal section of the coated section of the 
?ber. 

5. The method recited in claim 1, Wherein the cross-sec 
tional area of the solder glass at the distal edge is substantially 
equal to a cross-sectional area of the lens proximal face and 
the cross-sectional area of the solder glass at the proximal 
edge is substantially equal to a cross-sectional area of the ?ber 
stripped end portion. 

6. A method for making a high-poWer fused collimator 
comprising the steps of: 

providing a fused collimator comprising an end of a 
stripped end portion of an optical ?ber fused to a proxi 
mal face of a silica lens; 

substantially surrounding the ?ber stripped end portion 
proximal of the silica lens proximal face With a ferrule, 
a distal face thereof adjacent the silica lens proximal 
face; 

applying an adhesive to a proximal face of the ferrule in 
surrounding relation to the ?ber; 

surrounding a proximal portion of the lens and a distal 
portion of the ferrule With a solder glass inner casing; 
and 

substantially surrounding the solder glass inner casing With 
a silica sleeve outer casing. 

7. A high-poWer fused collimator comprising: 
a fused collimator comprising a silica lens and an optical 

?ber having a stripped end portion having an end fused 
to a proximal face of the silica lens; 

a solder glass positioned in substantially surrounding rela 
tion to a distal portion of the ?ber stripped end portion, 
a cross-sectional area of the solder glass decreasing 
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proximally from a distal edge adjacent the silica lens 
proximal face to a proximal edge located along the ?ber 
stripped end portion. 

8. The high-poWer fused collimator recited in claim 7, 
further comprising an epoxy overcoat applied to the joint in 
covering relation to the solder glass. 

9. The high-poWer fused collimator recited in claim 8, 
Wherein the epoxy overcoat is positioned in covering relation 
to the stripped end portion of the ?ber and to a distal section 
of a coated section of the ?ber. 

10. The high-poWer fused collimator recited in claim 9, 
Wherein the epoxy overcoat has a cross-sectional area at a 
distal edge substantially equal to a cross-sectional area of the 
lens proximal face and a cross-sectional area at a proximal 
edge greater than a cross-sectional area of the distal section of 
the coated section of the ?ber. 

11. The high-poWer fused collimator recited in claim 10, 
Wherein the cross-sectional area of the solder glass at the 
distal edge is substantially equal to a cross-sectional area of 
the lens proximal face and the cross-sectional area of the 
solder glass at the proximal edge is substantially equal to a 
cross-sectional area of the ?ber stripped end portion. 

12. A high-poWer fused collimator comprising: 
a fused collimator comprising a silica lens and an optical 

?ber having a stripped end portion having an end fused 
to a proximal face of the silica lens; 

a ferrule positioned in substantially surrounding relation to 
the ?ber stripped end portion proximal of the silica lens 
proximal face, a distal face thereof adjacent the silica 
lens proximal face; 

applying an adhesive to a proximal face of the ferrule in 
surrounding relation to the ?ber; 

surrounding a proximal portion of the lens and a distal 
portion of the ferrule With a solder glass inner casing; 
and 

substantially surrounding the solder glass inner casing With 
a silica sleeve outer casing. 

* * * * * 


